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JGC and NGK have been jointly developing a gas separation process for CO 2 removal from the natural gas, using the DDR-type zeolite membrane (DDR Membrane). The DDR Membrane was prepared using hydrothermal synthesis on the surface of porous ceramic substrate. NGK, a top class manufacturer of ceramic products, has succeeded in scaling up the DDR Membrane element into a large monolithic structure with a diameter and length of 180 mm and 1,000 mm, respectively. The membrane area of the single DDR Membrane element is 12 m 2 , which is the largest size within the inorganic membrane element in the world to the best of our knowledge(see Fig. 1 ). Thus the gas separation process with DDR Membrane can be applied for large-scale applications with high throughput, such as CO 2 removal in natural gas processing. On the other hand, JGC, a world leading engineering company for oil and gas processing, is conducting process design, evaluation and any other engineering works to utilize DDR Membrane for the natural gas processing. The commercial size housing of the DDR Membrane has been already designed and fabricated. The gas separation process with DDR Membrane is one of the most competitive solutions for CO 2 removal from the natural gas.
Comparing with the conventional polymeric membrane, the DDR Membrane has the following advantages. Firstly CO 2 /CH 4 selectivity of the DDR Membrane is much higher than that of a conventional polymeric membrane, which can achieve high hydrocarbon yield with low CH 4 loss [1] . Secondly the DDR Membrane shows no CO 2 -induced plasticization which occurs in the conventional polymeric membrane at high CO 2 partial pressure [2] . Thus the gas separation process with the conventional polymeric membrane is not applicable to gas fields with high CO 2 partial pressure.
To evaluate the DDR Membrane for gas separation process, we calculated the simple material balance based on our laboratory test results of the DDR Membrane and the general performance of the conventional polymeric membrane described in a literature [3] . Feed gas containing CH 4 and CO 2 is introduced to the membrane to be separated to the CH 4 -rich treated gas by removing CO 2 -rich permeate gas by using single-stage membrane system(see Fig. 2 ). The pressures of feed and permeate gases are 8.0 MPaA and 0.2 MPaA respectively. CO 2 concentration of the feed gas is 70 mol% or 40 mol%. The specified CO 2 concentration of the treated gas is 15 mol% or 3 mol%(see Table 1 ). The conventional polymeric membrane is, however, not applicable to case 1-1 and case 2-1 due to the plasticization caused by high CO 2 partial pressure. As the result of the calculation, the CH 4 loss of the DDR Membrane is 1/7 to 1/5 of that of the conventional polymeric membrane. This low CH 4 loss of the DDR Membrane improves the yield of CH 4 -rich treated gas comparing with the conventional polymeric membrane. Thus simple the single-stage gas separation process with DDR Membrane will be successfully applied for CO 2 removal from the natural gas. (%) (mol%) Case *2: If the conventional polymeric membrane can be applied without plasticization, CH 4 loss is estimated at 18.0 % for Case 1-1, 34.7 % for Case 2-1.
